ABSTRACT Purpose: To evaluate the accuracy and reproducibility of magnetic resonance cholangiopancreatography (MRCP) in the detection of biliary complications in liver transplanted patients. Methods: A study was conducted, with blinded review of 28 MRCP exams of 24 patients submitted to liver transplantation. The images were reviewed by two independent observers, at two different moments, regarding the degree of biliary tree visualization and the presence or absence of biliary complications. The MRCP results were compared, when negative, to at least 3 months of clinical and biochemical follow-up, and when positive, to the findings at surgery or endoscopic retrograde cholangiopancreatography (ERCP). Results: The degree of intrahepatic biliary tree visualization was considered good or excellent in 78.6% and 82.1% of the exams by the two observers and visualization of the donor duct, recipient duct and biliary anastomosis was considered good or excellent in 100% of the exams, by both observers. Six biliary complications were detected (21.4%), all of them anastomotic strictures. Intra and interobserver agreement were substantial or almost perfect (kappa k values of 0.611 to 0.804) for the visualization of the biliary tree and almost perfect (k values of 0.900 to 1.000) for the detection of biliary complications. MRCP achieved 100% sensitivity, 95.45% specificity, 85.7% positive predictive value and 100% negative predictive value for the detection of biliary complications. Conclusions: MRCP is an accurate examination for the detection of biliary complications after orthotopic liver transplantation and it is a highly reproducible method in the evaluation of the biliary tree of liver transplanted patients. Key words: Liver Transplantation. Magnetic Resonance Imaging. Bile Ducts. Cholangiography.
Introduction
Despite advances in surgical techniques, graft preservation methods, immunosuppression and intensive care, postoperative complications following liver transplantation are still common. Among these, biliary complications have been highlighted, with incidence rates ranging from 1 to 50% in different published series, and mostly between 10 and 30% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The postoperative period following orthotopic liver transplantation (OLT) is a challenge for transplantation teams, because the clinical and laboratory manifestations of the various potential complications from this procedure present a high degree of overlap. This creates difficulties in making specific diagnoses and thus in determining the respective therapeutic approach.
Intensive control through laboratory tests allows early detection of graft dysfunctions. However, such abnormalities may be very unspecific and subtle. High levels of liver enzymes, canaliculi and bilirubin may result from a graft preservation lesion (with a self-limiting course), acute or chronic cell rejection, ischemic lesions, cholangitis, viral infection, drug toxicity or bile duct obstruction processes. Histological analysis of percutaneous biopsy products is sometimes inconclusive and may show patterns that are common to several processes 17 . Thus, it is clear that evaluation using imaging methods is fundamentally important for postoperative follow-up for such patients [18] [19] , and this may contribute towards elucidating the diagnosis and treatment for the complications.
The application of cholangiopancreatography by means of magnetic resonance (CPMR) for diagnosing biliary complications following OLT began at the end of the 1990s, and there are still only a few reports on its utilization for this purpose [18] [19] [20] [21] [22] [23] . The initial use of CPMR was accompanied by controversy regarding the capacity of this method for detecting stenosing lesions in bile ducts without significant dilatation. Moreover, changes in surgeons' preferences regarding the surgical technique most utilized for reconstruction of the bile duct led to loss of the access via a Kehr drain for direct cholangiography, which made early detection of biliary complications difficult.
These factors led us to devise this project, with the aim of evaluating the efficacy of CPMR for detecting biliary complications in patients who underwent OLT from cadaver donors.
Methods
Retrospective CPMR analysis was performed on 24 patients who had undergone OLT from a cadaver donor at Federal University of São Paulo. The study consisted of 28 examinations, since four patients underwent CPMR twice during their postoperative follow-up, with a minimum interval of six months between them, such that they were therefore considered to be independent examinations. These examinations were carried out between September 2000 and March 2005.
The study protocol was analyzed and granted approval by the Ethics Committee of Federal University of São Paulo.
Indications for examinations were made at the discretion of the clinical team that was attending this group of patients. They were based on suspicions of possible biliary complications, with or without concomitant abnormalities on laboratory tests.
The inclusion criteria for the study were the presence of a correlation with complementary endoscopic retrograde cholangiopancreatography (ERCP) or surgery, in the cases of CPMR presenting abnormalities, or clinical-laboratory follow-up of at least three months in cases of normal CPMR results.
The study group was formed by fifteen men and nine women aged between 11 and 66 years (mean: 40 years; median 42 years). The diseases or associations of diseases that resulted in liver transplantation were hepatitis C (n=12), Wilson's disease (n=2), cirrhosis due to alcohol (n=1), autoimmune hepatitis (n=1), bile duct atresia (n=1), primary sclerosing cholangitis (n=1) or associations of hepatitis C, alcoholism and hepatocarcinoma (n=1), hemochromatosis and hepatocarcinoma (n=1), hepatitis C and hepatocarcinoma (n=1) and hepatitis C and alcoholism (n=1). In two patients, the etiology was not determined (cryptogenic cirrhosis).
The type of bile duct anastomosis present in the analyses from the 28 tests was choledococholedocostomy (duct-duct) without bile drainage in 21 cases and biliodigestive derivation in seven cases. The time interval between the transplantation and performing the examinations ranged from 15 days to 44 months (mean of 8.8 months).
Information was collected with regard to serum values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma glutamyl transpeptidase (GGT), total bilirubin (BT) and direct bilirubin (BD), at the time of the examination and during the subsequent three months.
The ERCP examinations of patients who underwent this after CPMR were reanalyzed, and the findings from patients who underwent surgical reintervention were noted. All the patients with abnormalities seen on CPMR underwent ERCP and/or surgery. True negatives were considered to be the cases of negative CPMR with normal biochemical parameters over three months of follow-up, or with abnormal parameters that were secondary to a different etiology that was defined by other examinations or by biopsy.
The examinations were performed on Siemens' Magnetom Impact model (n=25) and Magnetom Sonata model (n=3). Both of these operated with high magnetic fields (1.0 and 1.5 Tesla, respectively), with gradients of 23 mT/m (Impact) and 40 mT/m (Sonata). A phased array body coil was used for signal transmission and reception.
Examination technique
The examinations were performed in accordance with the institution CPMR protocol, with the patients in dorsal decubitus. The sequences carried out are described in the following:
True FISP coronal sequence (TR approx. 6 ms; TE 2.8 ms; flip angle 80º), Thick-slab single-shot fast spin echo sequence (4500/940; echo train 240, matrix 360x512, collimation 50 mm, acquisition time 4 seconds), in the coronal-sagittal plane, with rotation in 10º increments; HASTE sequence (effective TE 96-110; echo train 128, matrix 218x512, thickness 5 mm without gap; acquisition time 20 seconds) in the most appropriate oblique coronal plane, which was selected on the basis of the preceding sequence, and in the transversal plane, to reach the level of the bile duct anastomosis.
The field of view (FOV) utilized was 28-35 cm, depending on the patient's size. Saturation bands were positioned adjacent to the region of interest, and fat saturation was used in all the sequences. All the sequences were obtained during respiratory pauses. No fasting was undertaken prior to the examination, not was oral contrast or any antiperistaltic agent administered prior to the examination. The thin-section sequences were reconstructed using the MIP technique (maximum intensity projection).
Image analysis
The images were analyzed independently by two examiners, who were medical radiologists with at least three years of experience in the field. They were unaware of any of the clinical, laboratory or surgical information, or of any other examinations. However, the examiners were told in advance which type of anastomosis had been used in the bile duct reconstruction of the transplantation.
To evaluate the intraobserver concordance, the images were analyzed by the same doctors at least 30 days after the first analysis, in random order. The parameters utilized were: Adequate viewing of the first-order intrahepatic bile ducts, the donor's extrahepatic bile duct, the receiver's extrahepatic bile duct (in cases of duct-to-duct common bile duct anastomosis) and the bile duct anastomosis. The grading system used was: excellent viewing (complete viewing); good (viewing >90%); reasonable (viewing <90%) or absent (not viewed); Dilatation of the intra or extrahepatic bile ducts was defined as present when their diameters were greater than 2 and 7 mm, respectively; Stenosis of the bile duct was defined as a focal narrowing or focal absence of signal from the bile duct in relation to the segments above and below this point that was deemed by the examiner to be a potential cause of obstruction of the bile flow.
The images from the ERCP examinations were analyzed by a third examiner who had experience in interpreting ERCP. The following parameters were used: Dilatation of the intra or extrahepatic bile ducts was defined as present when their diameters were greater than 3 and 8 mm, respectively; Stenosis of the bile duct was defined as a focal narrowing of the bile duct in relation to the segments above and below this point, causing complete obstruction or resistance to the passage of contrast, which was deemed to be relevant as a potential cause of biochemical alterations.
Statistical analysis
In the statistical analysis, the intra and interobserver concordance was evaluated by means of the Kappa test. After performing comparative analysis between the CPMR and the combination of ERCP/surgery/evolutive control (which was taken to be the gold standard), the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the CPMR were determined, and also the prevalence rates of biliary complications, false positives and false negatives were determined. Subsequently, the groups with and without biliary complications were compared with regard to laboratory test results, by means of the non-parametric Mann-Whitney test.
Results

Evaluation of biliary abnormalities
Among the 28 images analyzed, ten abnormalities were found: seven cases of stenosis of the bile duct anastomosis (Figure 1 ).
FIGURE 1 -(A)
Original image from the HASTE sequence, showing abrupt tapering of the extrahepatic bile duct in the region of the duct-to-duct common bile duct anastomosis, which was associated with upstream dilatation of the bile duct. (B) The same appearance was seen in the MIP reconstruction in the same patient. (C) ERCP imaging confirmed the stenosis of the extrahepatic bile duct in the region of the duct-to-duct common bile duct anastomosis, which was associated with upstream dilatation of the bile duct Two cases of perihepatic accumulations, in two patients who also presented bile duct stenosis; and one incidental finding of a hepatic lesion that was subsequently confirmed as an abscess. Of these, only seven anastomotic stenosis were considered to be biliary complications.
The final consensus from the analysis, between the two observers, was that seven suspected cases of stenosis of the bile duct anastomosis were shown by CPMR. Six of the seven cases were confirmed by means of ERCP or surgery, and in one case the abnormality seen by means of CPMR was considered to be a false positive (Figure 2 ). Among the 21 cases that were considered normal by CPMR, 15 had clinical and laboratory evolution without any evidence of biliary complications, for at least three months subsequent to the examination. In six patients who presented laboratory abnormalities during this follow-up period, alternative diagnoses were confirmed by means of liver biopsy: three were cases of rejection and three were recurrences of viral infection.
With these data, the prevalence rates obtained were 21.43% for biliary complications, zero for false negatives and 4.55% for false positives. CPMR presented 100% sensitivity, 95.45% specificity, 85.71% positive predictive value and 100% negative predictive value. These data are shown in Table 1 .
There were no statistically significant differences in the laboratory test results at the time of the CPMR examination, between the groups with biliary complications (n=6) and without biliary complications (n=22). In other words, these tests did not make it possible to differentiate between the two groups.
Comparison of the data obtained by the different observers and at different times, in relation to detecting biliary abnormalities, gave a Kappa index of 0.90 for detecting anastomotic stenosis and 1.00 for the other parameters evaluated, as shown in Tables 2 and  3 , respectively, thus reflecting almost perfect concordance for these evaluations in the two analyses performed. 
Discussion
The wide spectrum of hepatobiliary complications observed in patients following liver transplantation is a challenge for the medical team responsible. The overlap between the clinical and laboratory manifestations of complications as diverse as graft rejection and stenosis of the bile duct anastomosis implies the need for imaging methods that are capable of aiding in differentiating between such complications.
Within the field of biliary complications, the imaging method that is most widely used is ERCP, because it presents excellent anatomical detailing of the bile duct and allows therapeutic management to be performed during the same procedure. However, its application as a screening method for biliary complications in this group of patients has the implication of having to accept a high rate of normal examinations. Thus, its use cannot be justified in the light of the potential serious complications from the examination [24] [25] . Based on this need for a noninvasive examination method with high sensitivity and good availability, and together with the technological development of magnetic resonance equipment, CPMR emerged in the second half of the 1990s as an alternative for diagnosing biliary complication following OLT [18] [19] [20] [21] [22] [23] 26 . Investigating the potential use of CPMR for diagnosing biliary complications was the aim of our study, at a time when its viability as a method for studying bile ducts in patients who had undergone liver transplantation was still incipient and therefore under question. Additionally, as a means of confirming the reproducibility of the method, we included a parameter that had not been evaluated in other studies that we reviewed in the literature: the concordance between evaluations made by the same observer at two different times (intraobserver concordance). This was done in addition to evaluating interobserver concordance.
The prevalence rate for biliary complications in the study group was 21.43%, which was within the range of 10-30% that has been observed in the studies published on this topic so far [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The high sensitivity obtained by CPMR (100%) is backed up in other publications [18] [19] [20] 23, 26 . This result may be related to the absence of patients at the earliest postoperative stage, thus excluding bile extravasation from the complications. CPMR has limited capability for detecting this complication, because it detects accumulations without identifying their origin 29 . Nevertheless, for all the patients studied, drains were left in place 
Viewing of the bile ducts
The viewing of the intrahepatic bile ducts was classified as excellent or good in 22 of the 28 examinations (78.57%) by observer 1, in both analyses. For observer 2, 24 of the 28 examinations were classified as excellent or good in the first analysis and 23 of the 28 examinations in the second analysis.
The viewing of the hepatic duct of the donor and receiver and of the (duct-to-duct) common bile duct anastomosis was considered to excellent or good by both observers in both of their analyses. The patients with biliodigestive anastomosis were excluded from this analysis.
The results of intraobserver concordance for viewing the bile ducts from each observer at different times are showed respectively in Table 4 , and had a substantial degree of concordance for all the values. next to the anastomoses and no bile extravasation was detected. The refined surgical technique, with the use of continuous sutures and thin absorbable thread, and also high-magnification glasses, must have contributed towards the absence of this type of complication. Furthermore, arterial thrombosis, which is another factor related to bile extravasation, was observed in only one patient. It was found only one case with abnormalities seen on CPMR that was not subsequently confirmed. This was a diagnosis of anastomotic stenosis seen on CPMR that was not confirmed by ERCP, thus giving the method specificity of 95.45%, which is compatible with other studies in the literature [18] [19] [20] 23, 26 . After analyzing the images from this case, we had the impression that the observers overvalued the "hour glass" appearance that is sometimes present at the anastomosis location. This does not really represent stenosis but, rather, a slight "physiological" or "expected" constriction that is observed in this type of reconstruction of the bile duct. The positive predictive value of 85.71% and negative predictive value of 100% corroborate the efficacy of the method.
Although, because of the characteristics of the study, the analysis of the CPMR images was done in a manner analogous to a prospective study, and the rigorous clinical and laboratory follow-up of the patients after the liver transplantation ensured uniformity of the quality of the data obtained from each patient, the fact that the study was retrospective implies that some points should be taken into consideration.
The indication for the examinations, which was under the responsibility of the clinical team, was not rigorously standardized. This might have resulted in patient selection bias, which could have led to underestimation or overestimation of the prevalence of biliary complications.
Because of the usual rigorous postoperative follow-up for OLT cases, all the patients presenting abnormalities on CPMR were subsequently evaluated by ERCP or surgery, thus ensuring that proof was obtained for this study in all these cases. Likewise, in the cases that were seen to be negative on CPMR, the absence of clinical and laboratory abnormalities was seen to be maintained for at least the next three months, or other conditions were diagnosed that would satisfactorily explain the abnormality seen on laboratory tests, and this allowed secure confirmation of the absence of bile duct abnormalities. This criterion for confirming negative cases was used in several of the more recent studies 19, 20, 23, 26 , because of the tendency not to use bile drains, which makes cholangiographic access difficult.
Our data give emphasis to the difficulties that medical teams face with regard to differentiating between the potential complications following OLT, since we did not find any statistically significant differences between the serum levels of the main liver function markers between the groups with and without biliary complications. The proviso to be made is in relation to the relatively small number of biliary complications in the sample studied (n=6). This would make it difficult to detect statistical significance if the differences were small.
The two observers were able to have an excellent or good view of the structures studied (intrahepatic bile duct, donor duct, anastomosis and receiver duct), in both of their analyses. This high frequency of good viewing was expected and was in agreement with the results from other authors 18, 26 , and this reflects the capacity of present-day magnetic resonance apparatus to produce bile duct images of trustworthy diagnostic quality. We adopted the practice of informing the observer regarding the type of bile duct anastomosis that had been used, since the lack of this information could lead to errors in interpreting the findings (such that, in cases of biliodigestive derivation, the remaining part of the receiver duct could be interpreted as the distal bile duct associated with apparent anastomotic stenosis). Having this information available is more in keeping with daily clinical practice.
The credibility of a diagnostic method is grounded in how reproducible it is: high reproducibility favors dissemination of its use. If, on the one hand, obtaining reproducible results does not necessarily imply that they are accurate (considering that the examiners might systematically agree on an error), on the other hand, methods with low reproducibility are not associated with high accuracy 27 . Errors in image diagnostics may derive from four variables: inadequate technique, absence of knowledge or training, error of perception and error of judgment. In our study, we believe that the examination technique was adequate and the variable relating to training was minimized by choosing two examiners with experience in interpreting this type of image. The other two variables (errors of perception and judgment) remained, and these are inherent to any image diagnostic evaluation.
From analysis of the reproducibility of the method, with regard to the ability to view the structures studied, this study obtained a substantial degree of interobserver concordance. It reproduced the numbers found by Ward et al. 26 It also found substantial or near-perfect intraobserver concordance. Intuitively, the intra-observer concordance tends to be greater than or equal to the interobserver concordance, and this was confirmed by our data.
In evaluating the biliary complications, we obtained almost perfect inter and intraobserver concordance in all the analyses. This high reproducibility might not necessarily be a reflection of the efficaciousness of the method. Nonetheless, because of the high sensitivity and specificity values obtained from correlation with the gold standards that are available (ERCP/ surgery/evolutive control), it is clear that the high reproducibility was accompanied by high accuracy.
Thus, this study has established that CPMR presents high reproducibility in evaluations of biliary complications in patients who underwent OLT, with regard to both intra and interobserver reproducibility.
The addition of conventional and angioresonance sequence to the CPMR protocol expands the range of abnormalities that can be detected by the method, such as vascular complications, abdominal accumulations and abnormalities of the hepatic parenchyma like tumors, abscesses and diffuse diseases. This versatility gives rise to the potential for CPMR to become a "one-stop" examination for post-transplantation patients in some cases, thereby enabling diagnosis of vascular thrombosis, abscesses, recurrent neoplasia and biliary complication 30 . For the clinic requesting the examination and for the patient, the greatest attractive features are its rapidity and efficacy, while for the healthcare system, the advantage is its cost-benefit through eliminating the multiplicity of other examinations requested (ultrasound, computed tomography, ERCP, CTHP (percutaneous transhepatic. cholangiography), angiography and others).
One disadvantage of CPMR in relation to ERCP is that it does not detect bile extravasation. However, as explained earlier, the fact that bile drains are often not used reduces the incidence of this type of complication in patients who underwent OLT. Recent studies have evaluated CPMR in association with the endovenous contrast medium mangafodipir trisodium (Teslascan ® , Amersham Health) 34, 35 . This consists of a manganese ion bonded to a vitamin B6 analog, which accumulates in the liver and is excreted through the bile duct. It allows functional and morphological evaluation of the bile duct, with application for detecting extravasation, and the results have been promising 29, 31 . One study compared CPMR after intravenous administration of mangafodipir trisodium with conventional CPMR, for evaluating patients who had undergone OLT, and obtained better results with the use of this new contrast 32 . It has been observed a recent trend in the literature relating to all types of biliary complications (and not just with regard to liver transplantation) for noninvasive examinations to be increasingly indicated, while invasive examinations are reserved for selected cases that are difficult to diagnose, or for therapeutic interventions 33 . The numbers that we have presented fall within this context. If all our patients had undergone ERCP, there would have been 21 examinations with negative results, with the potential risks of morbidity that are inherent to this examination, at a rate of 3 to 5% 24, 25 . The high CPMR reproducibility obtained in this study is a prime factor in trusting the method, for doctors requesting the examination and for the radiologists themselves. We believe that this study will reinforce the indication of CPMR as the first examination for evaluating suspected biliary complications following orthotopic liver transplantation. Considering that it has high diagnostic sensitivity and is noninvasive, it may serve as the sole diagnostic tool and also as an aid for planning therapeutic interventions using the open surgery route or ERCP.
Conclusions
The cholangiopancreatography by means of magnetic resonance is an efficacious method for detecting biliary complications following liver transplantation from a cadaver donor.
Evaluation of the bile ducts in patients who underwent liver transplantation from a cadaver donor, using cholangiopancreatography by means of magnetic resonance, has high inter and intraobserver reproducibility.
